The fast-growing Gram-negative bacterium Vibrio natriegens is an attractive host for a range 31 of applications in molecular biology and biotechnology. Moreover, the remarkable speed of 32 growth of Vibrio natriegens poses fundamental questions on bacterial physiology and 33 metabolism, energy production, DNA replication and protein synthesis, besides others. In 34 order to address such questions, a solid understanding of the physiological and 35 physical/chemical basis of growth requirements is essential. Here we report a systematic 36 analysis of i) various growth media composition, ii) incubation temperature, iii) pH 37 dependence, and iv) salt concentration requirements for optimal growth of V. natriegens 38 strain DSMZ 759. As a result of the studies, the following optimal conditions were 39 Established: LB medium with 2.5 % NaCl, pH 7.0 -8.5 and incubation at 37°C under aerobic 40 conditions. Incubation temperatures above 37 °C slows growth significantly. Incubation 41 temperatures below 37 °C slows growth, but at a lower rate. Incubation at or below 28 °C 42 should be avoided. Under such optimized, standard laboratory conditions, a doubling time of 43 t d = 13.6 minutes was observed for V. natriegens measured in mid-log growth phase. The 44 optimized conditions presented here for the growth of V. natriegens can be easily applied in 45 any standardly equipped laboratory. For comparison, identical growth conditions for 46 Escherichia coli were analyzed and are presented as well. 47 48 IMPORTANCE 49 Goal of this study was to understand the physiological growths requirements of V. 50 natriegens in routine microbiology and molecular biology laboratory settings. The result is a 51 standardized protocol for the optimized growth of the naturally isolated (wild type) V. 52 natriegens strain DSMZ 759. This protocol can be employed for routine application of V. 53 natriegens for any kind of biochemical, molecular biology and genomic studies and 54 utilization under normal laboratory conditions used by many routinely equipped 55 laboratories. 56 57 KEYWORDS 58 Vibrio natriegens, growth rate, pH-and temperature optimum, salt dependence, comparison 59 with Escherichia coli, industrial biotechnology, routine laboratory application and utilization 60 61
INTRODUCTION
The prototroph, gram-negative, non-pathogenic marine bacterium Vibrio natriegens was 63 originally isolated from salt marsh muds of Sapelo Island, GA, and described by Payne et al. 64 in 1961 (1). Initially, this bacterium was taxonomically classified into the genus Pseudomonas 65 (P. natriegens), but later redescribed as Beneckea natriegens. Finally it was recognized as a 66 member of the genus Vibrio by Austin et al. in 1978 (2) . In 1962 Eagon firstly described the 67 unusually short generation time of Vibrio natriegens of 9.8 minutes applying incubation at 37 68 °C in brain heart infusion (BHI) with vigorous shaking (3). Nowadays, 9.8 minutes is still the 69 shortest doubling time ever observed in biological investigations, and interesting 70 speculations can be made about the limits of growth rates in prokaryotic microorganisms (4). 71 However, even shorter doubling times have experimentally been achieved using a small (50 72 mL) glass fermenter under optimized conditions such as temperature, nutrients, and air 73 supply (5, 6) . The fastest growth with doubling times below 7 min was obtained only when 74 the optical density (OD) of liquid cultures was very low (OD at 600 nm of between 0.05 and 75 0.1) and the cultures were under strong aeration (4). 76 77 In a different study, a doubling time of 9.4 minutes has recently been reported under 78 optimized fermentation conditions using BHIN complex medium as well as in minimal 79 medium supplemented with various industrially relevant substrates (7) . This study used V. 80 natriegens as a production host for industrial biotechnology applications and showed that 81 the observed growth rate is at least two times higher than those of traditionally employed V. natriegens' high potential for protein synthesis results from an increase in ribosome 96 numbers with increasing growth rates and from a large number of rRNA operons in addition 97 to extremely strong rRNA promoter activity (9). Based on these features, cell-free expression 98 systems employing V. natriegens compounds have been established (10, 11, 12) . 99 100 Intrigued by this extremely fast growth dynamics, V. natriegens was proposed and is already 101 applied as a "new" host for applications in molecular biology, biotechnology and genomics 102 and is on its way to replace E. coli, at least in part, for such applications (4, 8, 13) . 
RESULTS

112
Medium Optimization 113 We compared V. natriegens growth characteristics in LB medium, nutrient agar and M9 114 minimal agar. For comparison, E. coli grown in LB medium with 1.5 % NaCl was included in 115 the experiment (Fig. 1A ). Best growth dynamics were observed with LB medium with 2.5 % 116 and 1.5 % NaCl. However, growth dynamics of nutrient agar supplemented with 2.5 % NaCl 117 were comparably good. Nutrient agar supplemented with 1.5 % NaCl resulted in delayed 118 bacterial growth. In M9 minimal agar not supplemented with NaCl growth was slow and 119 decayed after 4 hours. E. coli grown in LB medium with a NaCl concentration of 1.5 % 120 reached after 16 hours and after a long lag phase also a high final OD, although lower when 121 compared with V. natriegens maximal reach. Growth curves of E. coli cultures under the 122 same medium conditions were also recorded and are shown in Fig. S4 . 123 124 Based on this result we conclude that LB medium with a NaCl concentration of 2.5 % to be 125 the best medium of the three media tested to support good growth of V. natriegens. 126 For better comparison of the tested media and salt concentrations, the 4 hours ODs are 127 depicted in a block diagram ( Fig. 1B) . Temperature Optimization 135 We wanted to investigate the optimal temperature for efficient growth of V. natriegens. LB 136 medium cultures supplemented with 2.5 % NaCl were inoculated with the same starting 137 amounts of bacteria and incubated at 28 °C, 31 °C, 34 °C, 37 °C and 40 °C, respectively. 138 Samples were taken at the indicated times and the OD was recorded. E. coli grown under 139 identical medium composition and incubated at 37 °C was included in the experiment for Based on this result we conclude that 37 °C is the optimal temperature to support best 144 growth of V. natriegens. In particular, the log-phase is extremely short at this temperature. A 145 similar final OD is reached also at 34 °C, but with a markedly delayed log-phase. 31 °C or 40 146 °C incubation temperatures significantly inhibits V. natriegens growth. Next, we wanted to investigate the pH tolerance and pH optimum for best growth 154 conditions. LB medium cultures supplemented with 2.5 % NaCl and the pH adjusted to 5.0-155 10.0 in 0.5 steps were inoculated with the same starting amounts of bacteria and incubated 156 at 37 °C. Samples were taken at the indicated times and the OD was measured. E. coli grown 157 under identical conditions and with the pH adjusted to 6.0 was included in the experiment 158 for comparison ( Fig. 3 ). Growth curves of E. coli cultures under the same pH values were also 159 recorded and are shown in Fig. S6 . 221 We wanted to study if V. natriegens displays cytochrome C oxidase activity. For comparison 222 E. coli, which is known to miss this activity, was included in the study. Fig. 6A shows that V. 223 natriegens displays a strong cytochrome C oxidase activity, whereas E. coli doesn't. Missing Catalase Activity of V. natriegens 234 We wanted to study if V. natriegens displays catalase activity. For comparison E. coli, which 235 is known to display this activity, was included in the study. Fig. 6B shows that V. natriegens V. natriegens is the fasted-growing nonpathogenic bacterium isolated so far (3). Intrigued by 248 extremely fast growth dynamics, V. natriegens was proposed and is already applied as a 249 novel host for applications in molecular biology, biotechnology, genomics and industrial 250 applications, for example for the high-level production of recombinant proteins (4, 8, 13) . 251 Despite the quest to utilize V. natriegens for such useful application, its growth requirements 252 and growth behavior is still poorly understood.
Cytochrome C Oxidase Activity of V. natriegens
254
We therefore intended to study systematically and in more detail conditions for optimal 255 growth, with the goal to establish simple and standardized growth conditions applicable in 256 any routine laboratory setting and excluding advanced fermentation technology for 257 extremely high bacterial and protein yield. We analyzed i) various growth media 258 composition, ii) incubation temperature, iii) pH dependence, and iv) salt concentration 259 requirements for optimal growth of V. natriegens strain DSMZ 759.
261
As a result of the studies, the following optimal conditions were established: LB medium 262 with 2.5 % NaCl, pH 7.0 -8.0 and incubation at 37 °C under aerobic conditions. Incubation 263 temperatures above 37 °C slows growth significantly. Incubation temperatures below 37 °C 264 slows growth, but at a lower rate. Incubation at or below 28 °C should be avoided. LB medium containing in liter -1: 10 g tryptone, 5 g yeast extract and 10 g NaCl. The NaCl 288 amount in liter -1 was varied between 10 g, 15 g and 25 g. liter-1 and 15 g agar liter-1. The concentration of NaCl (Carl Roth; 9265.1) was varied 304 between 1.0 % (10 g NaCl liter-1), 1.5 % (15 g NaCl liter-1) and 2.5 % (25 g NaCl liter-1). 305 LB medium containing 10 g tryptone liter-1 and 5 g yeast extract liter-1. The NaCl 306 concentration was varied between 1.0 % (10 g NaCl liter-1), 1.5 % (15 g NaCl liter-1) and 2.5 307 % (25 g NaCl liter-1). 308 309 Nutrient agar contained 5 g peptone from casein (Sigma; 70172-100G) liter -1 , 3 g yeast 310 extract (Carl Roth; 2363.2) liter -1 and 15 g agar (Sigma; A4800-500G) liter -1 . The NaCl 311 concentration was varied between 0.5 % (5 g NaCl liter -1 ), 1.5 % (15 g NaCl liter -1 ) and 2.5 % 312 (25 g NaCl liter -1 ). 313 314 Nutrient medium contained 5 g peptone from casein liter -1 and 3 g yeast extract liter -1 . The 315 NaCl concentration was varied between 0.5 % (5 g NaCl liter -1 ), 1.5 % (15 g NaCl liter -1 ) and 316 2.5 % (25 g NaCl liter -1 ). 317 318 M9 minimal agar contained 12.8 g Na 2 HPO 4 (Carl Roth; T876.1) liter -1 , 3 g KH 2 PO 4 (Carl Roth; 319 P018.1) liter -1 , 15 g agar (Sigma; A4800-500G) liter -1 , 0.5 g NaCl (Carl Roth; 9265.1) liter -1 , 1 g 
